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"he desipniry, ani budiding af wlequcte radiation wWattluiteg to on of 
she major problems thet faces tee nuclear iedustry tele. The cermloba tue 
ability of tha tamwn boly tc samee @ tedgation wma aul the Leck. uf 
@utftesert infemaction to determéne a precias eefc allem'vio dose neta, 
quilted in maneive radidtion vhielde far nest reactors, fortabla Lan units 





aor lieations of miclear power im space heve pointed cut the necessity Lor 
“nel: of tha ghdielddec resocreh of the mest has bets aco lished eith 
fc inpeortant in the dovelomaent of theerics axl in the etaxly af Che enor 
deoerdance of ahialtdag affectivamme, Covover, vier one comrinas the 
eetroemo’y ompled madiction apectrm tha: is emitted ty a nuclear reactor, 





Telintion soureas, Thac topa of vtudy cortainty 


it is wet diffiesit te realise the cverwsinp li ’iention of auel stinlias in 
otielhlin: deaion vork. 

lown htate University's UTh\lG veeetar i9 emrippad wits a alidteld tank 
facility. This facility provides a etrom, sources of games am) thanwal 


neutrons thet arc raureeentative of radiation fren 2 thermal reactor, Its 





imtcumntation includes deteetors to measure fpacna amd oautren radiation, 
The percoun of thiw investicotios was to exnasina the mujeid tak lacli« 

ity atul Os determine tte oficetivences as a raeent tastins dnstaldnt Lov, 

‘peatifieaiiy, it was deeirat to detemaise tle qeam radi ifeo level as a 


faeetdien of position in the tack aul reasier power. tla @liffion tt vas 
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to emacine the gawea spectrum for varietion vith poedtien axl ree 
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A seareh of the literatures revealed there ere threo majer chield tank 
faellities eurreantly in operetion, namely the Lid Tank Shielding “acility, 
the Tulk Ohfelding Ceaeter, and the shielding araa a the hattelle Casearch 
Feactor, The first two facilities ara located at Oak (ddce National Labo 
oratory and the third installation is ot the Fattelle Memorial Inetitete, 
C£ these threa inetallations, only tha Lid facility usee « acintiliation 
datecter cor canea radiation maapurenmenta, 

Cady (1) deseribes the L4d Tank Pectiity art ite instrumentation, An 
anthracene crystal wae used with a seimtillation detector to measure the 
yawma level in the tank, The current fram the photocathode woe measured 
with a semiautomatic eleetrometer, calibrated to read the dose rate diract= 
ly in mrvhy, A standardised radium source use used fer this calilwattion, 
rice (6) diseusses dosimetry acplieations of scintillation dotceteors, 

Morgan (5) odvee «a detatled description of thm Pattelle shieldine areas 
In his report, all of the tnetrumentetion is deserfted, imclo ing the 
fiasien chember used for ganna dosimetry, 

Casper (2) eeepares centerline saa, end neutron Clux measurements in 
the Dulk “htelding Reaetor with thove predicted by three avatiable ommputer 
programe, Tlote of the resuite em] detcdie of the progres are given in 
his wepoert. 

The throe installations deseribed fe the Literature vary a. belly fron 
the (RelG facility tn size, veemetry, axiatance of fission plates, and the 
distance froa the auurea, On this beastie, if was not empected that dose 
rates oF gaemm spectra should correspond to thoes exsnsidared in this ine 
vestiaatton. 
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ar%ety (7) to the only provicam foveeticater to co experiamtal work 
in tle Tove “tete University sieht tank Cacklity, lis wth ves Liebert 
to thewesl nauteone, axl did not cemeider the af"ecte ul gem ruliation, 
Date ave available in the literature for tee q@ema wreeteun From 
| fieston of U™5, Netensetein (4) cives 2 qu) covareee of auch 
qumpaticon with the gmase feeetwa: in the ebfeld tenk, cfmos ft Piret aust 
pane theuash 3y ft of graphite before ranecidug toe tank, 
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Te would be tMighhy desteabie t« clve th. paca vedi tlor lowlse diced 
ly om quits of arvfar, The could be acaupddchad by mosuring the ar rent 
foes a acdokilleation detecter or an douiention chasber, Mt S46 ting, auch 
inetrasetation doa not ewict ot thin fuchlity, 40 an altecnctive a proach, 
wid te ealfteated against a staniard Co” sowree f> Seale can to amfix jot 
the qmaat atheting in the tank. To mabe ouch oi agwemimetion, At 4a 
nacegery fo datewnine o toprosentativa ancrgy valun (a the qarmas in tae 
gaemen Coon themel f€ceten of 12%, untortcanately, the garems in the Ceuk 
fears late wines balora reaching tide Cactlity, anada the values fn the 
idtewntura im pigeadlio ts this puoklan, Leese of Chan ceergy depos 
w€ the mm abgerptien cool(iclent, if wea lores] tet the wales af Side coe 
offielomt wich iadieate a reueses 
pesigentally detewsined aaes abuoretion coalfiietents muasuced in Dus tavcee 
tigation ixieates gauma carmetes thot tangs Oro 2) to 3 Mov, Vol, the 
ad CO ees subeepet fe the tanh, a came abgorptiion cool “tient 
Of 04822 an®/or wos obtatand, From the deta Moted in Oreiatain (4), tie 














tive vaio. Jer tle gaia aluey, le 








weld cerraaperrt fo a esa abesrrticn coeflictent of a atltin tal 0.70 ar 





maw~hercetic mera, Tadhure of this anetryy value Ce a prea the baw 
Regen woerotiog Ow Cok, mxle any onlébrettion twacd on Che previous Ane 
tieme iuchty questionalie, tn ahkiitderm, 26 wold beeva te be amwwedd Claut to 
oeiatillation deoeter had tha sane camiting @f Molise for be _eraee is 
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tim tank as for tho Co sources, Oo tints henie, 2¢ wen dexidnd te stve atl 

Qaeen inbessities in tems of opm or 1¢6 soreelion! comme -roart, 
Rackerou! counte vere axle fer each of tha 35 prodesdomoted pet 

in the tack, mciav te each rum. A bhachewesrs) seeetives wee roorrded prior 

te dee mm ia which speetral data were t+ be collected. ver the two 

pround wee feand to be cmetart, previding the rmeeckhor pearor wos acdntadnad 





at ev belew MW) watte am! tla reactor core was peabitad te cook o mdnisum 
of 12 hours between runs. Curios the period of tide inveaticetion one 1O-if 
fon Gan m&kte, Appronimetely tuo ueele vere required t. alles the becderwnd 
to apeweach its indtial value, dines the pucpera of thin tnvestiectidon vas 
t> esenine Che eoperimertal facility, the badger! values war not gube 





from tie fonmelived fieedon Cragéentn will be cresest in ail caperimectal 
work, axl therefore mut be contdclerad, At queer loweis of 1,0 walte ead 
“ielewr, these backervur! valuce feces tnateot ioemt, oven if ¢ otidered, 
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tye TRL maactor at Tow "tate University hes a 5 fe by O fe by Ly 
St ideh atield tank fad lity leected on che north emt of ehe roactee, The 
talietion passes fray the raactor core t) tle tank via the O fe by BA ft 
ty Dy ct lone shtelt tank Geet. The duet te compaenl of dein, square 
wil belde the dvive aechunion for a 4ein, diaseter alumina probe. The 
fohecters, Théis arrangement prevides for exaoemt im alk theese dis 
Hae mo prrleiaas ove made for wototdes of the probe, ‘toul tama ate 
tated to tho treeks of the bedige ard on the probe provide a cootmdiiaute 
ovetim fr identifdention of powitiess fa the tank, "he te o the tank av 











the dymtrument brides are sloem in “Acure 1, A cense weetdon cl the tm 
xi zaomter cowa are gleam in Taqure 2, foco which the velecive postition of 
the tack arxl tha eacetor core amy te soon, 

Thalidum activated eediue iaiido oryetais vere used with seirtiilation 
datecinen fs smacume ties gama radichion im the tank, / Radiation Counter 
idhemterios seimtd tation detiester, motel LIOW®, vee ued be mecgure the 
nated position: in the tard, The dethctor Was cetie 





farmad of the prxle 
Reiuod to plowiniese ineceemoent, Whieds em) be oaan in “tsure 3. The olor 
tyical mmneetions te the detector were made through a LS 8 flewkle tobe, 
Sdnee time 2EO0G deteetar can act bo used «ith «a rad~atian analyeer, all 

Spectral date wie coliccted with « teclear Chices sedetilletion jetecber, 








“ome 2, (UReRO sideld tank Cackiity with inetrument brdége 
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Thawu 3, “cintillation detector attached to the testrumant tmidre 
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male? [6 Sy 
Sn atomioue rex! ant baen device was used to bold « stanlardéic 





aoguree 46 on frm the dateeter, “his arvancewent. was unal ¢> check the ree 
gproductidlity im the eleetromic cumting cirenit, “he stamlard run was 


mode at 3 mabmerged desth «fF 1% a tf: aeaure a lov hecke round, 
Te pulses fren the scintillation detectore were ragietered on a 


Suekear Chicago ultremealer, model LOtAel, The resclutdon time for this 
eaalor if one micrasacond, The mami counting rate io 167 x 10° aa, 
Thiet Mucleaar Chi caes 





vadisation analywer, oedel if 10, “el use! tae invese 
tigate the saewse epeetra. This instrument de «nly esmatible with tea "645 
@tintilintion dekester, 

The eeeler and the detector vere permitted ts wame up fer et loeet me 
ewe prior te each rum, lefore the counts for the investiootion vere begue, 


a Standard count wae made, The backermunt vas examted ot cach of the 1S pree 





sated loectiens ares the tank, The ro ctor wes breusht to the desig 
meted power, end the ceumts were ack recorded until Churaea eenseculive caunte 
at che (iret poattion shaved mo increase ie the ccuting rete, This orme 


Cmition was taken tu ageura that the rac 





eter hed reached stealy ete va com- 
ditions prior to eterting the cumte, ‘Ali ecamte coreaspomiiag t one saver 
setting vere anda durin: the eame men f> eliminete ineoneirtenees in matiche 
in: weeeter power with previous values, Complete rune wore made at OV], 
igG, al 10 watte, Modtliad runs wore male at 0605 and 5,90 wacts te vevify 
qone of tlhe resulte sktained from the qaerplete mime, wring the edi fied 
ruma, oniy « few posttiemm fn the tank were surwovad, 

Toe radietion analywer wea parsitied to vem up fer a minteaer of £5 


hours prior be each rum. fechyrouml ves cheeimd prier to eseh ron wd a 


el dec Cg ay: A le mae an a 
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—— ee eet 6 oe or ee 
Pea ee So © oe ewe ee 
CC rn ne ee eet Gee Ome oot 
LL ty ese 


| oe | 
———_ ae — — =< eee cee ee Oe 
—— = —<— «© «© ae ae ae oh 

oo ore «= —e ——————— i i 
(oe ee es ££ Ss + = + = oe 





is 





standawl ron vas nade to eheck raprnduciiility «f the countim, clreute, 
&ll realiage corregmonding to ene power Llovel weve gule /oring th meee 
gen, The vadintfion analyser was stoadardived agagast a Gel3? eourea, 
The bese Level acale corresponded tn energioa (rau 0 to 2 “ev with a 
cv, <ALL eounte were eade fer 1 min, 





wires width of 200 
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Ve PSROLTS Asn DICER 


An Canterlina “ome 





“ne mimite counts were mode at 15 o incrasente alone: the peemetric 
eanterline of the thermal duct wiedew., These date ems tabulated in “able 
1 and plotted in Figures 4 aml 3, 

Fieuve 4 indicates the radietion level diminishes exponentialiy as 
the distance ig increased between tha windew surfeee and the detactor. 
This ia in agreement with extietin; theeries, The Lines Gram in Pigure § 
were fitted ta the date cointe with a loatt squnres fit. Tho mase absorpe 
tion coeffieients were determined t- be 06,0404, O04, 56,0423, 6,0408, arm! 
0, 83° 4 cas? fom for veneter pears levels of 6,95, C,k, 1.0, 5.0, ami 20 watts, 
respectively, Credeteta (3) Lieta 0.04603 and 0.0996 anf ss the mute abe 
sorphion coal fietentes for a collimatad buws of aenoenareatic greys with 
enorzine of 2 avi 3 Mev, respectively, 

Prom Figure 4, tie inmeet asroeiemtion on the semtelom plot seams to 





at the higher power levele, It 46 @ugmeste:d tet this 
fa dua to lescened effect of backerours! ond the Getter ceuntine stabiatles 
at Che hieber counting retes, The baolegriectkl o-mt may explain the bieher 
vemiings at the 5 an petitdon ao the 0,05 an! GO, ratt muons. xtrepoieted 
Values taken from "feure 4 inmiieste tha counting cates Ot the winder tecre 
foes ere 1,36 2 105, 5.30 ¢ 198, and 9.90 & 10° em for omer leveta ol 25, 
Set, conti LO watts, ramnect ively, 

Pigure 3 i¢ a fev piet of the variotion in cwnt rete with meshes 
power Ser centerline puvittene 68, FO, 95, awl 126 am freoe the viewer, Che 
cenerak equation fee the lines in thia oict is 


count wate = K Crenetcr sewer}, €h2 
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Tadte i, Usperimente! dota fer eenteriine intensities 
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Popuve 5. Gwe inteaaity as a Sunetion of canterLine cian lacemsent 
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figirve 3, Conterline aumna intensity as a Tanction of reactor power 
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The values ef n were determined by a least sqires fit ty ba 9,972, 0,755 
C,970, ond 5,969 for the 65, 80, 95, amt LUD ce positions, warpectively, 
Giaet “he vale GF 6 one smarty dpmat 90 ote, the centerlina canting 
tate is anprevinetely « linecr funetion of reactor power, The valve of 
Eas n Sunetion of nosition, 

“nly eonterline potitiors heaving data for ali five power Levels 
tested were plotted? fm ‘igure 5, “he same relctienship seene to hold fer 
ail centerline poritions, although onty dyta for four positions are plete 
ted in thie firurea, 

“he recetor tnntraments wore the mily methed used t determine ta ope 
erating power lovel, A cheek of the reprodueibility ef counting retes ek 
the sane power Loval on tw: aiiferent daye, veaulted in variations in the 
oxdex of sacndtade of the stander! deviation of the wamt rate, If the rut 
desicnited 1,0 wotts was actually made at 1,55 watts, amt the 5 watt run at 
4,0 watte, thin would aid in explataing why the actual davistion orcesded 
thea ttamiavd deviation for the geunt rate fer theese tw cums, It is felt 
tliat such verictions are possibie and way be due t > soail devietices frm 
Ii¢nearity of the renector instrumentation, 


M. Lateral ani Vertical “erftation of Geemg Irtensity 

In thie portion af the tmvestipation, it was cegired to datersina lew 
the save radiation varied Letevally an! vertically serees the winiw, Tt 
Was Bite desired to axanine the effect of reactor power om this distribution, 

The deta eolleeted in tle leteral directian ava tabulated in Table 2 
@nd plotted fa (ipure ©, ALL dsta were nore liseal 2ntinst the centerline 
ceunt rete for ezse of piotting, It Should be noted ther thegs (ete vere 
@nlieeted at 5, 50, am! 93 @ frase the winder fer 0,1, 1,0, aut 10 watts, 


respectively, Thie poomitted enffiedentiv high counting ratee over the 
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Cromin-tton cf the data tndlested tht they were closaly approsinatod 
ty e@ cocins curve for tm west side af the wimiew but net on the a@art side, 
A study of tha reactor conutreetion detaile ravacled Chit two emmtrol rain 
ate ieeatead betwresn tha core end the tank, powitdemd eyometrically with 
rag oct to the cere centerline, The mod on the vest side is the nuaber 1 
awlety wal, weile the elidm rod fa lecata! on the aast efde ef the eenter= 
line, Purim: normal eparations the uafety rod 46 cumpictaly removed Crem 
the core, while the shim rod was only dispisesd « gandl anount. Thés is 
believed te ba the reason for the nomeayumetry ia theee data, This ta pach. 
ably duo te beth the flux depreseion st the shim mal and? the physieal chicld+ 
ing effect af the wat ibeelf, The curvert dram ta Ploure 6 ave amie 
represantoct ty the comeral equation 

ye oom Waste, (2) 





She values of a were detenuinad to be KH, 02, ant @ es for 1, lel, ad 
18 wakts, ronpectively, Theee values wore detacwinad by «a Mecet squarns fit 
aypiged to the data enllected to tha vast af Che centerlina, wich corres. 
pemis to the wight eide af “ieure @, The normnidend cownt rate, corredmaxxi~ 
ing te 37 em east of tho conterline, barring to aceronds the same cosine dise 
tribution, sines tha effleete of tho oim rrei are dirdiniahed ot tits postition, 

wen with the meall devietdiem in the ewaantey, it ie Cole that the late 
eral dietribotion of the garam intensity ic closely weproio.ted ty e cosine 
curve, Ef ig micrested thet this mwtil dewltdon dua te the ahim rod wtlR 
proimbiy be lees fusportant than ether ec.crdeental parasiters in gry Ty) ten 
thet may he imveatigated in this fsetlity, 


The data enllects 
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Tablo 2, (Gaperimental deta for lateral tnteauity vurlerdon 
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window are talmiated tn Table 3 and plotted in “deure 7, again all deta 
were noraalized againat the centerline count tela, and th. Jirtences fras 
the window wera 5, 56, anéd 95 om Cor the thrae peawer levels, 

The data points in “ioure 7 sim a definite leek of syoeetry with 
veepect ta tha centeriioe of the wirvinws the count rate being markedly ree 
duced near the bettem of the tank, The only nen-syuasetrical geometry in 
the vertical direction apparent from the reaeter comstructicc: detaLis is 
the emerete tank bottaw, The effect «~f bhia nomeaymetry vas artoectad to 
inerease «9 the distence between the windw ond the detector wos increased, 
The data in "f{ouve 7 irclicate the inverse t+ be true, “he largest deviation 





from syneetry ceeurad in the 6.1 vatt run, which was meesucad closeet to the 
wird, this banis, it i6 supeested that che nemayeentry in the vere 
tical dietributicons of the euumt vate is due te a lack wf aywetry of the 
gemma “held with regeeeet te the windew cente> line, “lie mney be due to efter 
a displacement of the fuel apnea lies of a nom-eymmetrical distribation of 
fieeinn preducts in the fual plates. 

The data pointe above the centerline of the winder: mcy be dome rmeiaetad 
by @ cosine curva, The curves in “ieure 7 are cosine curves resterented by 
the cancral emiustion 

y *= eos TT afab, (3) 
where the values of b were determined by a lecm#wt squ ras fit & the dota 
paints abeve the centerline, “nm thie heeir, the valwe of 6b ére 77, “7%, aad 
ie3 fox 0.8, 1,0, and 10 wotts, remectively, 


an fature tabtdne in thie Taetlity, a veltical cooling dietrihbutia oll 
gave intensity serotis the winless world be highly questionable. If its 


astumetion ia made, it: mivt be remembered thet the inbewsitias ere tarieadiy 
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Table 3. “wperdeonmtal deta for vertical trtemiry verierion 
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reduced near the bottes of the tanks 


C. Geom Speetral Analysis 

Tee radieticn analyser was used to deteneine the vertetion in the 
gemna eoecttur with reaeter power at <4 centerline preitien §5 oe Crm the 
thermal duet windar, The spectrum was enalysed betweon © ave 2,09 lev with 
6 windew width 100 bev, The declisican +o fawastiaste thie prrtien «C the 
@pectran was beaed on thea fact that leca than ten cer cent of the total 
fammas counted were more @nernetic then 2 Mey, The ceale on the analymer 
was caldbvated priox to cock rum with a Cs!37 soures, It ie lam thet che 
atrer iv. opectval anercsy cmaturenentse increases away iree the calitwaiion 
point, thus asking the absolute values of the eamrey Seale quostionabte 
at Che ord pointe. 

The Gate tataletad fa Table 4 eerreapomia to reacher pewers ~ 0,1, 
1.0, and 10 watts, Thess data were noreeliced ty Boe counting rete of the 
leweet anergy interval axl cletted in Timere 0, This faygare iadiectoe clow 
agveament fer ail thrae power levels, Tt do nated thot althouch the dota 
peines for all three poumy settings are wmaathy aquel, there ie a tembency 
for the countins rates cerresporsting Co the feces power Lewals te be elinkte 
ly tnerenged, There io a oxwqiete lech of ch recterinti¢d pank# in these 

Spectre! deta vere Ole colbected for Owe other peettions tn the beak; 
om the: cantagiine, 3 aa row the “indew af og power of 0,1 vwattie; em) 37 om 
east of the canteriioe, 65 em Fran tim wimioe ot WD watte, These deta arm 
~gven ia Vabie 5 ar] ere Mlotted in "icure 4, 


The data eerreeponmiiog to the 5 cued,i watt ron dees dew verleticn 
from the other epectral data plotiad, althenigl te euhetal Ghape of the 
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Table 5, “sperinental apectral duta fer pouttion varbetion 
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“igure 9, “Gesna or vhrus variation with reaeter paver amt tank pastties 
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curve vemained Gmerly the amc, Tt wag noted thet altieeuh thu cnmting 
wate of tie 10 watt cum het been disiciahed tw a locter of 2 by diepiecing 
the crenber 57 aw fram the canterline, the nomelised ota roirts vere 
peawly identical, if weeld apeear that the chemee in the 5 qeeO,] wert 
spectrum vat dus to the effeet of 60 cm ican wuter thickness, The diaplece- 
Gent free the centerline did not wp ecintiy affect the thickmoes of ehe 
woter seum by the eavems in the 10 watt ron, 

frem Timave 8 it appesre thet Die -emm epectte: in the tank fe anere 
ly independent of the parr lawel of the reqetor, "his «pectray will very 
stightiy, deroending on the dietanee fre tie windew, Cuw bo the eater 
thidaumes sern Ly the vareuss, 
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Ag a regrit of thie dnvesatiretion, the folbeving Res been comeluied: 
1. he centerline qaeme twenty is appracimetely a Linear fonction 
2. The pas inteeetity veries luteraliy eerotc thw thémee! duct wine 
de af & owire function, intensities ere olightiy raduomd to tho eant of 
uhe centerline due ty the presence nf the shin md. 
3%. The peee intensity varies verticaliy eorese tle therm! dect wine 
dw af a costs Sunetion only aova the conterline, The fntensittas are 


rednemd @orkediy near the bottewe of the tank, 
4, The Gemma spectrun in the tank ia nearly independant «f the pespr 


Level, but dee vary somewle? with the thickwwor of the weter seen by tle 
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